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Cardiovascular diseases are the most common cause of morbidity and mortality among the rapidly increasing population of elderly patients (1, 2) . Although many studies have evaluated elderly patients with coronary (3) (4) (5) and valvular heart disease (6,7), there are no studies to date that have addressed the clinical characteristics, management, and outcomes in a large cohort of elderly patients with acute type A aortic dissection. The International Registry of Aortic Dissection (IRAD) provides a unique opportunity to examine a relatively large number of patients with aortic dissection (8) . We utilized the registry to evaluate the differences in the clinical presentation, management, and hospital outcomes between patients with acute type A aortic dissection who were Ͻ70 years of age and those Ն70 years. We anticipated that this analysis would provide further insights into the distinguishing features of aortic dissection among elderly patients.
METHODS

Patient selection.
We analyzed all patients with acute type A aortic dissection enrolled in IRAD from January 1, 1996, to December 31, 1999. The institution and structure of IRAD have been described previously (8) . Patients were identified prospectively at presentation or retrospectively by searching hospital discharge diagnosis records and surgical and echocardiographic databases. Diagnosis was based on history, imaging study, visualization at surgery, or postmortem examination. Acute type A dissection was defined as any dissection that involved the ascending aorta with pre-sentation within 14 days of symptom onset (8) . Patients were stratified by age Ͻ70 years and Ն70 years. Data collection. Data were collected on a standard questionnaire developed by the IRAD investigators. Data collected included patient demographics, history, clinical presentation, physical findings, imaging study results, medical and surgical management, in-hospital clinical events, length of stay, and hospital mortality. Completed data entry forms were forwarded to the IRAD coordinating center at the University of Michigan. Data were scanned electronically into an access database. Statistical analysis. Summary statistics of the two age groups were presented as frequencies and percentages, mean Ϯ SD or as median and interquartile range. In all cases, missing data were not defaulted to negative and denominators reflect cases reported. Univariate associations among the age groups for nominal variables were compared using the Pearson chi-square test or two-sided Fisher exact test; the two-tailed Student t test was used for continuous variables. Iterative logistic regression modeling was performed to derive independent predictors of hospital mortality and to derive adjusted estimates for the odds ratios of in-hospital mortality for the younger versus the older patients using likelihood ratio tests. Initial modeling used variables marginally suggestive of unadjusted association to in-hospital death (p Ͻ 0.20). Variables were reviewed for clinical significance before testing. Diagnostic routines (Hosmer-Lemeshow test for lack of fit, change in deviance and likelihood ratio test) were used for the final model selection (9) . SAS Version 8.2 (SAS Institute, Cary, North Carolina) was utilized for all analyses.
Results
Demographics and etiology of aortic dissection (Table 1) . Patients 70 years of age and older made up 31.6% (174/550) of all acute type A aortic dissections. The number of patients in different age groups of the elderly were: 70 to 74 years ϭ 69, 75 to 79 years ϭ 70, 80 to 84 years ϭ 23, and Ͼ85 years ϭ 12. Men constituted 48.3% of the elderly, but 73.6% of the younger cohort. Transfer from outside hospitals to IRAD sites accounted for a similar proportion of patients in both groups. The proportion of patients aged Ն70 years was significantly greater among those treated at the U.S. sites.
Acute aortic dissection as a result of Marfan syndrome was seen only in the younger patient cohort. In contrast, hypertension, atherosclerosis, iatrogenic dissection (particularly following cardiac surgery), and dissection in an existing aortic aneurysm were more common in the elderly. Comorbidities such as history of diabetes and prior cardiac surgery were also more frequent in patients Ն70 years (Table 1) .
Abbreviations and Acronyms
IRAD ϭ International Registry of Acute Aortic Dissection (Table 2 ). Elderly patients with acute type A aortic dissection were less likely to present with abrupt onset of chest or back pain (76.5% vs. 88.5%, p ϭ 0.0005). Mean systolic blood pressure at the time of presentation tended to be lower in the older patients. Similarly, the murmur of aortic regurgitation (28.7% vs. 47.1%, p ϭ 0.0002) and pulse deficits (24.2% vs. 33.0%, p ϭ 0.04) were noted in proportionately fewer elderly patients with acute type A aortic dissection. On the other hand, the incidences of congestive heart failure, hypotension/shock/tamponade, or any neurologic deficit or coma at presentation did not differ between the two groups of patients.
Clinical presentations and diagnostic imaging findings
Pleural effusions on a chest X-ray were more common in older patients (26.1% vs. 15.6%, p ϭ 0.008). Electrocardiographic evidence of new Q waves or ST-segment deviations tended to be more in the older patients (9.7% vs. 5.2%, p ϭ 0.06). Virtually all patients with type A aortic dissection underwent some form of imaging study (computerized tomography, transesophageal echocardiography, magnetic resonance imaging, or aortography). Frequencies of use of these imaging modalities were not different between the two groups of patients, with the exception of coronary angiography, which was performed more frequently in the elderly group (Table 2) . Similarly, the preferred modality for the initial diagnosis in the younger as well as the older patients was computerized tomography. Findings on any imaging modalities (including the widest diameter of ascending aorta or arch) did not differ between the two groups of patients. However, intramural hematoma (9.7% vs. 3.2, p ϭ 0.003) and false lumen thrombosis (18.3% vs. 5.0%, p Ͻ 0.0001) were more frequent among the older patients compared with the younger group.
In-hospital treatment and outcomes (Tables 3 and 4).
Relatively fewer elderly patients were managed surgically (64.4% vs. 86.4%, p Ͻ 0.001). The reasons for medical management in the younger cohort were not recorded in 26% of patients, and in the remaining were cited as Acute Aortic Dissection in the Elderly comorbid conditions (54%), patient refusal (10%), and intramural hematoma (10%). Similarly, 15% of the older cohort did not have the reason for medical management listed. In the remaining older patients, comorbid conditions (56%), age (15%), patient refusal (11%), and intramural hematoma (4%) were alluded to as the reason for medical therapy. Most operative variables did not differ between the two groups, with the exception of a lower incidence of complete arch replacement in the older cohort. There was a trend towards less frequent use of beta-blockers among the elderly (49.6% vs. 59.2%, p ϭ 0.07) without contraindications to such treatment. The elderly were more likely to sustain hypotension (45.7% vs. 32.2%, p ϭ 0.002) but had a lower incidence of neurologic deficit during hospitalization (17.8% vs. 26.0%, p ϭ 0.04, Table 4 ). Postoperative complications were similar in the two groups (data not shown). In-hospital mortality was 50% higher in the elderly cohort (42.8% vs. 28%, p ϭ 0.0006). The mortality was similarly high for patients managed medically in both groups (52.5% and 60.0% among older and younger patients, respectively). However, among patients managed with surgery, mortality was higher among the elderly (37.5% vs. 23.0, p ϭ 0.003) ( Table 4 , Fig. 1 ). Total hospital mortality was high among patients younger than 35 years of age (33.3%), lowest for patients 35 years to 44 years of age (21.1%) and thereafter increased gradually with age, with highest mortality observed among patients age 85 and older (58.3%). In-hospital mortality rates among the elderly patients managed surgically were: 70 to 74 years ϭ 31.6%, 75 to 79 years ϭ 42.5%, 80 to 84 years ϭ 45.5%, and Ն85 years ϭ 50%. Mortality among the medically managed cohort of the elderly patients was: 70 to 74 years ϭ 50%, 75 to 79 years ϭ 53.3%, 80 to 84 years ϭ 45.5%, and Ն85 years ϭ 62.5%. Multivariable logistic regression analysis (9) identified age Ն70 years as an independent predictor of death for acute type A aortic dissection (odds ratio 1.7, 95% confidence interval 1.1 to 2.8; p ϭ 0.03). The cause of death was not specified or was unknown in 28.6% and 40.3% of the younger and older patients, respectively. In the remaining patients, rupture, neu- 
DISCUSSION
IRAD: an opportunity to study the elderly with acute aortic dissection. The current study represents the largest, most comprehensive investigation of the differences in demographics, clinical characteristics, treatments, and outcomes of a large unselected group of elderly patients with acute type A aortic dissection. We found that the elderly differ from younger patients in several important respects. Although some of the observed differences were expected on the basis of previously reported series, others were not anticipated. Several of these differences have important diagnostic and therapeutic implications. Differences in demographics, etiology, clinical presentation, and imaging findings between patients <70 years and those >70 years. Patients age Ն70 were a significant proportion (31.6%) of patients presenting with acute type A aortic dissection. As life expectancy increases, this number is bound to increase further. Thus, it is important to be familiar with the clinical characteristics, management, and outcomes of this cohort of elderly patients. The male preponderance seen in younger patients with this disease entity tends to disappear in the elderly, likely a result of the relatively longer life expectancy of women (10). Age does not seem to play a decisive role in the transfer of patients with acute aortic dissection to tertiary referral centers.
Relatively more elderly patients with aortic dissection were treated at U.S. sites than at non-U.S. sites. This difference could merely be a reflection of longer life expectancy in the U.S. population, a greater availability of newer technology (computerized tomography, magnetic resonance imaging, transesophageal echocardiography, and aortography) among U.S. hospitals, a more aggressive approach taken to the health care of the elderly at U.S. sites, or to differences in patient and physician attitudes in these geographic areas. The etiology of type A aortic dissection varied between the young and older cohorts. Marfan syndrome-related type A dissections were seen exclusively in younger patients, whereas hypertension, atherosclerosis, prior aortic aneurysms, and iatrogenic dissections were seen more frequently in the elderly (Table 1 ). These observations may have different implications regarding disease prevention in the two cohorts. For example, genetic counseling, screening of family members, avoidance of pregnancy and beta-blockers for patients with Marfan syndrome would be more appropriate in the younger group. On the other hand, aggressive management of hypertension and special efforts to avoid iatrogenic dissection (careful cannulation of the aorta during cardiothoracic surgery and more gentle maneuvering of cardiac catheters) would represent potentially effective prevention strategies in the elderly. Although cocaine abuse and pregnancy are listed as causes of aortic dissection, these conditions were associated with type A dissection in only one patient each in IRAD (both in the younger cohort), suggesting that these entities are rare causes of dissection.
Classic symptoms and signs of aortic dissection also differ between patients Ͻ70 years and Ն70 years. Although most clinicians have been taught to associate the abrupt onset of Figure 1 . Kaplan-Meier survival curves for patients with type A aortic dissection age Ն70 years versus those Ͻ70 years treated medically or surgically. The log rank p ϭ 0.003 for patients Ͻ70 years versus those Ն70 years treated with surgery. The log-rank p ϭ 0.10 for patients Ͻ70 years versus those Ն70 years treated medically.
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Acute Aortic Dissection in the Elderly a tearing or ripping chest or back pain with acute aortic dissection (11), our study suggests that these symptoms occur less frequently in the elderly. The presence of pulse deficits or a murmur of aortic regurgitation in patients presenting with chest or back pain often makes a physician suspect aortic dissection, but these signs are seen less often in the elderly. In distinction, symptoms and signs of congestive heart failure, and neurologic deficit or coma on presentation, which one might expect to be present more frequently in the elderly, did not differ between the two groups of patients. Such features of the clinical presentation may delay the accurate diagnosis of dissection in elderly patients. Physicians should be aware of such atypical presentations of acute dissection in this group. It is not surprising that at least one diagnostic imaging technique was virtually always utilized in patients with type A dissection. Coronary angiography before surgical treatment was performed more frequently in elderly patients, in keeping with the increased likelihood of coronary artery disease in this cohort. Most of the diagnostic imaging findings did not differ between the two groups. The higher rate of pleural effusions among older patients may suggest a greater propensity for rupture of acute aortic dissection in these patients. Aortic rupture as the mode of death was indeed more frequent in older as compared with younger patients (37.3% vs. 30.6%) having type A dissection. On the other hand, it is less clear why intramural hematoma and false lumen thrombosis were detected more frequently among the older patients. Despite a similar frequency of coronary artery involvement by imaging techniques, there was a trend towards a higher incidence of new Q waves or ST-segment deviations on electrocardiogram at the time of presentation in older patients. These differences are likely a result of more advanced atherosclerosis in the elderly as compared with the young (rather than coronary artery compromise from dissection), such that any major stress (such as dissection) could precipitate myocardial ischemia more frequently. Differences in management and hospital outcomes between patients <70 years and >70 years. As is true for most other cardiovascular disorders, age was an important factor in the choice of medical or surgical treatment for patients with acute aortic dissection. Previous studies have shown age to be an independent predictor of mortality in patients with acute aortic dissection (12) (13) (14) . This fact, along with a higher prevalence of comorbid conditions in the elderly, may have played a decisive role in the allocation to medical versus surgical therapy for elderly patients with acute dissection. It is noteworthy that even the medications known to reduce the risk and extension of aortic dissection, such as beta-blockers, were utilized less often in the elderly with type A aortic dissection.
One would anticipate that the elderly would incur more complications than did younger patients. Contrary to these expectations, the incidence of most in-hospital complications (coma, myocardial infarction or ischemia, acute renal failure, and cardiac tamponade) was similar in the two groups. Only hypotension occurred more frequently and neurologic deficits less frequently in the elderly group. The greater incidence of rupture among the elderly may explain the higher incidence of hypotension. On the contrary, the less common occurrence of neurologic deficits may be a reflection of a lower incidence of major branch vessel involvement (manifesting as fewer older patients having pulse deficits) among the elderly. Mortality was significantly (ϳ50%) higher in elderly than in younger patients, a finding reported by other investigators (12) (13) (14) . The survival difference was most marked for patients treated surgically ( Figs.  1 and 2 ) . Although part of the mortality difference may be explained by a greater incidence of hypotension in the elderly (9, 15) , multivariable analysis identified age Ն70 years to be an independent predictor of death in patients with type A acute aortic dissection.
Many physicians believe that the risk of a surgical procedure is too high in older patients with type A aortic dissection to justify this aggressive approach, particularly for patients 80 years of age or older (16) . Other studies in small numbers of elderly patients suggest that the risk of surgical repair is not prohibitive and that appropriate elderly patients (age Ն70 years) benefit significantly from surgical repair (17, 18) . Despite a selection bias among patients undergoing surgical treatment in our study, the frequency of postoperative complications was similar in the two groups (data not shown). In addition, the mortality in patients aged Ն70 years, at least in this selected cohort of patients treated with surgery, was not prohibitive and better than in medically treated elderly patients (Table 4 , Fig. 1 ). In fact, medical treatment was associated with dismal outcome for both age groups, with hospital mortality in excess of 50%. Among patients enrolled in IRAD at 18 participating sites, very few patients were 80 years of age or older (n ϭ 34, 6.2%). Only 15 of these 34 patients underwent surgical treatment. Although the surgical mortality in the octogenerians was higher than that in younger patients, it was still not as prohibitive as suggested by Neri et al. (16) and was slightly better than the mortality of octogenerians managed medically (46.6% vs. 52.6%). Thus, our study supports the findings of others (17, 18) that indicated an aggressive surgical approach is not unreasonable in selected elderly patients with acute type A aortic dissection for improving survival, even for some patients age Ն80 years. Given the small number of patients Ն80 years, caution should be exercised in interpreting our data as being definitive in favor of surgery for this group of patients. Nevertheless, until information regarding outcomes is available on a large number of patients age Ն80 years, we believe that age alone should not be used as a sole criteria to exclude patients from undergoing repair of type A aortic dissection. Whether less invasive percutaneous techniques of fenestration and/or endovascular stents provide potential benefit with less risk in this group of patients remains to be established (19 -21) .
Because age Ն70 years was an independent predictor of death, we also anticipated a higher mortality for older than for younger patients who were managed medically. However, contrary to our expectations, there was no difference in this outcome between the two groups that were managed medically (Table 4 , Figs. 1 and 2 ). When we fitted our previously published risk prediction model (9) for medically and surgically treated patients separately, we found that the expected mortality (23%, 34%, 64%, and 50% for patients Ͻ70 managed surgically, Ն70 managed surgically, Ͻ70 managed medically, and Ն70 managed medically, respectively) was a good fit with the observed mortality for these patients (Table 4) . Thus, the similar mortality in the medically managed younger and older patients may be explained in part by the fact that among patients age Ͻ70 years, medical management was only undertaken if they had multiple comorbidities or complications that prohibited surgery. It is also possible that because a third of younger patients managed with medical therapies died within 24 h (compared with 20% of older patients), physicians may not have had enough time to get these patients to the operating room. Study limitations. The findings of our study should be viewed in the light of its limitations. Data were collected retrospectively and subject to incomplete, missing or inaccurate reporting of events. Most IRAD centers were tertiary referral sites that have significant expertise and experience in the surgical treatment of patients with acute aortic dissection, thus limiting the applicability to centers that lack such capability. Third, only patients with acute type A dissection were included; findings should not be extrapolated to patients with chronic type A dissection or type B dissection. Fourth, because the treatment allocation was not random, many factors besides those captured in our study may have contributed to the choice of treatment modality. As such, conclusions about effectiveness of medical versus surgical therapy should not be implied. Finally, long-term outcomes were not addressed and follow-up of all patients is underway.
Conclusions. Elderly patients with acute type A aortic dissection differ from a younger cohort with respect to etiology, demographics, comorbidities, clinical features and diagnostic imaging findings, and hospital outcomes. Inhospital hypotension occurs more frequently in the elderly than in younger patients with similar rates of other complications. Despite this, elderly patients are more likely to be managed conservatively rather than with surgical repair. These differences in clinical presentations, treatment and in-hospital events appear to explain in part some of the excess risk of mortality in the elderly. Future research is needed to evaluate management strategies that would improve survival in this high-risk patient subset. 
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